Human hand dexterity depends on the ability to move digits independently and to combine these movements in various coordinative patterns. It is well established that the primary motor cortex (M1) is important for skillful digit actions but less is known about the role played by the nonprimary motor centers. Here we use functional magnetic resonance imaging to examine the hypothesis that nonprimary motor areas and the posterior parietal cortex are strongly activated when healthy humans move the right digits in a skillful coordination pattern involving relatively independent digit movements. A task in which flexion of the thumb is accompanied by extension of the fingers and vice versa, i.e., a learned "nonsynergistic" coordination pattern, is contrasted with a task in which all digits flex and extend simultaneously in an innate synergistic coordination pattern (opening and closing the fist). The motor output is the same in the two conditions. Thus, the difference when contrasting the nonsynergistic and synergistic tasks represents the requirement to fractionate the movements of the thumb and fingers and to combine these movements in a learned coordinative pattern. The supplementary (and cingulate) motor area, the bilateral dorsal premotor area, the bilateral lateral cerebellum, the bilateral cortices of the postcentral sulcus, and the left intraparietal cortex showed stronger activity when the subjects made the nonsynergistic flexion-extension movements of the digits than when the synergistic movements were made. These results suggest that the human neural substrate for skillful digit movement includes a sensorimotor network of nonprimary frontoparietal areas and the cerebellum that, in conjunction with M1, control the movements of the digits.
Human hand dexterity depends on the ability to move digits independently and to combine these movements in various coordinative patterns. It is well established that the primary motor cortex (M1) is important for skillful digit actions but less is known about the role played by the nonprimary motor centers. Here we use functional magnetic resonance imaging to examine the hypothesis that nonprimary motor areas and the posterior parietal cortex are strongly activated when healthy humans move the right digits in a skillful coordination pattern involving relatively independent digit movements. A task in which flexion of the thumb is accompanied by extension of the fingers and vice versa, i.e., a learned "nonsynergistic" coordination pattern, is contrasted with a task in which all digits flex and extend simultaneously in an innate synergistic coordination pattern (opening and closing the fist). The motor output is the same in the two conditions. Thus, the difference when contrasting the nonsynergistic and synergistic tasks represents the requirement to fractionate the movements of the thumb and fingers and to combine these movements in a learned coordinative pattern. The supplementary (and cingulate) motor area, the bilateral dorsal premotor area, the bilateral lateral cerebellum, the bilateral cortices of the postcentral sulcus, and the left intraparietal cortex showed stronger activity when the subjects made the nonsynergistic flexion-extension movements of the digits than when the synergistic movements were made. These results suggest that the human neural substrate for skillful digit movement includes a sensorimotor network of nonprimary frontoparietal areas and the cerebellum that, in conjunction with M1, control the movements of the digits.
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Hand dexterity in humans depends on the ability to move the fingers and thumb independently. Independent movements of the digits are used in many hand maneuvers, such as the manipulation of objects, tool usage, gesticulation, and when playing musical instruments. The critical aspect of independent digit actions is that one or more of the digits moves relatively independently from the movements and postures of the other digits. The capability to make independent digit movements provides great flexibility and the possibility to combine the movements of the digits in various coordinative patterns. These dexterous actions differ markedly from those used in phylogenetically older movements when all digits are moved together in simple "synergistic" coordination patterns, e.g., when clenching the fist or grasping an object in a palmar grasp (power grip) (Napier, 1956 (Napier, , 1961 . The ability to perform synergistic finger movements is innate, and the palmar grasp is already present in its reflexive form in the newborn infant (Twitchell, 1970) . It is also the first voluntary grasp movement to develop (Halverson, 1931) . After brain damage in adults (e.g., stroke), it is a common clinical observation that the synergistic movement patterns, including the palmar grasp, are the first to recover. In nonhuman primates, lesions of the primary motor cortex (M1) and the corticospinal tract impair the ability to perform independent finger movements, whereas synergistic whole hand movements are minimally influenced (Lawrence and Kuypers, 1968; Passingham et al., 1983; Rouiller et al., 1998) . It is evident that the corticospinal neurons in the primary motor cortex play a critical role in the production of independent digit actions (Kuypers, 1981; Porter and Lemon, 1993; Lemon et al., 1998) . These observations suggest that dexterous hand actions in which the digits move independently require another type of cortical control than simpler synergistic movements.
In this study we examine the hypothesis that nonprimary motor and posterior parietal areas are more strongly engaged in the control of skillful movement of the digits, in which the digits flex and extend relatively independently ("nonsynergistic movement"), than in the production of synergistic movement. The rationale for the hypothesis was, in addition to the existing neurophysiological and developmental studies referred to above, the observation that impaired performance of various independent digit actions occurs in human subjects after brain lesions affecting nonprimary motor areas [supplementary motor area (SMA), lateral premotor cortex (PM), and the posterior parietal cortex (Kleist, 1907; Luria, 1966; Freund, 1987; Leiguarda and Marsden, 2000) ]. Furthermore, several functional imaging studies have shown increased activity in the primary motor cortex, SMA, PM, and other nonprimary frontoparietal areas when subjects generate various skilled hand postures involving independent digit actions (Roland et al., 1980; Colebatch et al., 1991; Passing-ham, 1993; Roland and Zilles, 1996; Sadato et al., 1996; Binkofski et al., 1999; Rijntjes et al., 1999; Ehrsson et al., 2001 ). However, simple synergistic movements (like opening and closing the fist or making a palmar grasp) also activate the primary motor cortex and similar nonprimary frontal motor areas (including SMA and PM) and the posterior parietal cortex (Olesen, 1971; Colebatch et al., 1991; Roland, 1993; Ehrsson et al., 2000) . Yet no study has compared nonsynergistic actions with synergistic actions that are matched in terms of the motor output (that is, the same muscle groups are involved and there is similar velocity, amplitude, and frequency of the movements), and therefore it remains unclear whether the cortical centers are more strongly activated when nonsynergistic digit movements are produced than when synergistic ones are generated.
Here, we compare a task in which the subjects flex and extend all digits simultaneously (making synergistic movement) with a task in which flexion of the thumb is accompanied by extension of the fingers and vice versa (making nonsynergistic movement). The key point of this experimental design is that the motor output is matched. This means that a direct comparison between the two tasks (nonsynergistic versus synergistic movement) will reflect the neural control mechanisms specific to nonsynergistic movement of the digits.
MATERIALS AND METHODS
Task s. We compared the "synergistic digit movement" task, with simultaneous flexion -extension movements of the fingers and thumb (Fig.  1a,c) , and the "nonsynergistic digit movement" task in which flexion of the thumb was accompanied by extension of the fingers and vice versa (Fig. 1b,d ). In both tasks subjects alternated between two natural hand postures paced by auditory signals (0.5 Hz). A rest condition, in which the subject held the hand in a relaxed position (anatomical resting position) and listened to the auditory signals (0.5 Hz), was also included.
Subjects and performance. Eight right-handed (mean laterality quotient ϩ92, range ϩ68 to ϩ100) male subjects (21-33 years) with no history of neurological disease participated in the study (Oldfield, 1971) . All subjects gave their informed consent, and the ethical committee of the Karolinska Hospital approved the study.
The subjects rehearsed the movement tasks for 30 -40 min before the brain scanning. After 5-10 min of training, the subjects were able to keep up a conversation and do simple mental calculations while performing the tasks (at 0.5 Hz), which suggests that the movements had been well learned. We then continued with training for ϳ30 min to assure that the movements were overlearned. The slow frequency of the movements (0.5 Hz) ensured that the tasks were simple to perform and avoided muscular fatigue.
We recorded the movement amplitude and movement velocity of the thumb and index finger with a quantitative motion analysis system (MacReflex, Sävdalen, Sweden). The subjects had their arm and hand in the same position (supine) as they had during the brain scanning. Reflective markers were attached to the tips of the thumb and index finger and to the wrist. The subjects performed each of the tasks for a 30 sec period, during which time motion data were collected (using a sampling frequency of 50 Hz) that were stored and analyzed on a computer. During the brain scanning, the movement performance was monitored with a digital video camera assuring that the movements were performed as requested (no mistakes were observed in either task).
Brain scanning. A 1.5 T General Electrics scanner with head-coil provided T1-weighted anatomical images (3D-SPGR) and f unctional T2*-weighted echo planar images with blood oxygenation leveldependent (BOLD) contrast [64 ϫ 64 matrix; 3.4 ϫ 3.4 mm; echo time (TE) ϭ 60 msec]. A f unctional image volume comprised 21 slices of 7 mm thickness, which ensured that the whole brain was within the field of view. During the experiments the subjects rested comfortably in a supine position in the magnetic resonance scanner. The extended right arm was oriented in a relaxed supine position parallel to the trunk. It was supported proximal to the wrist to minimize movement. The subjects were blindfolded. For each subject f unctional images were collected in four 450 sec runs [repetition time (TR) ϭ 5 sec], which meant that a total of 360 f unctional volumes was collected for each subject. For each run, the two motor tasks and a rest condition (the hand relaxed) were performed alternately in 30 sec periods.
We used the Statistical Parametric Mapping software (SPM99; http//: www.fil.ion.ucl.ac.uk /spm /; Wellcome Department of Cognitive Neurology, L ondon) to process the images. The f unctional images were realigned to correct for head movements (and reformatted to isometric voxels using linear sinc interpolation). Then, the f unctional images were coregistered with each subject's anatomical magnetic resonance (MR) image and normalized (linear and nonlinear transformations) to the standard coordinate system of Talaraich and Tournoux (1988) using the Montreal Neurological Institute (M N I) reference brain (Evans et al., 1994; Ashburner and Friston, 1997) . The images were scaled to 100 to eliminate the effects of global changes in the signal, and a high-pass filter (cutoff frequency 0.00556 Hz) was used to remove low-frequency drifts and fluctuations of the signal. The f unctional images were spatially smoothed with a 9 mm f ull-width at half-maximum (F W HM) isotropic Gaussian kernel and smoothed in time by a 4 sec F W HM Gaussian kernel. Data were analyzed with the program SPM99. We fitted a linear regression model (general linear model) to the pooled data from all subjects to increase the sensitivity of the analysis (fixed effects model) (Friston et al., 1995; Holmes et al., 1997) . Each task was modeled with a boxcar f unction that had been filtered with the standard SPM99 hemodynamic response f unction. The linear contrasts of the parameter estimates generated statistical images of t statistics. These statistical images were first thresholded at t ϭ 3.72 ( p Ͻ 0.0001 at each voxel, without correction for multiple comparisons). Only clusters of active voxels and local maximas of activity (peaks) are reported that correspond to a p Ͻ 0.05 after a correction for the number of multiple comparisons in the whole-brain space using tests based on the Gaussian Random Field Theory . For the brain regions that showed activity when we contrasted pairs of digit movement tasks, we only report voxels that were active as compared with the rest condition (using inclusive masking; for each voxel t ϭ 3.09, corresponding to p ϭ 0.001 without Figure 1 . A schematic presentation of the synergistic ( a) and nonsynergistic ( b) digit movement tasks. In the synergistic task, thumb and fingers are flexed and extended together. In the nonsynergistic task, the thumb is flexed when the fingers are extended, and vice versa. The right hand is used in both tasks. The repetitive movement trajectories of the thumb ( gray) and index finger (black), recorded after the training session and before the image recording, are displayed from one subject performing the synergistic movement ( c) and the nonsynergistic movements ( d) (1/60 sec between each point; scale 1:7). correction for multiple comparisons). In a complementary analysis, we also confirmed that the results obtained in the group analysis were consistent with the activation maps obtained from the majority of the individual subjects (see Table 2 ).
RESULTS Performance
Before brain scanning, subjects trained for the tasks until they could produce the requested movements with ease (see Materials and Methods). We ensured that the amplitude and velocity of the movements in the two tasks were equal by recording the movements with a motion analysis system outside the MR scanner (Table 1) . There was no significant difference in the amplitude (trajectory length) and velocity of the movements (or the intrasubject variability of these parameters) for the movements of the thumb and index finger between the tasks ( p Ͼ 0.05, paired t test, without correction for multiple comparisons).
Brain activation
Several brain regions showed stronger activity during the nonsynergistic movement than during the synergistic movement, including the bilateral dorsal premotor area (PMD), the SM A / cingulate motor area (C M A) (with the peak of the activation located in the left SM A and the cluster of active voxels extending into the upper bank of the cingulate sulcus, i.e., the C M A), the cortices lining the left anterior part of the intraparietal sulcus and the bilateral postcentral sulcus, and bilateral cerebellar hemispheres [lobule V I according to Schmahmann et al. (1999)] (Figs. 2, Table 2 ).
Both movement tasks activated a similar set of brain regions in comparison with the resting baseline condition: left M1, left primary somatosensory cortex (S1), left PMD, bilateral SMA and CMA, the cortices lining the anterior part of the left intraparietal sulcus, the bilateral parietal operculum, the bilateral cortices lining the lateral fissure (the cluster overlapping with the inferior frontal and superior temporal cortices), the left putamen, the left thalamus, and the bilateral cerebellar hemispheres (all significant at p Ͻ 0.05 or better after a correction for multiple comparisons) (Fig. 3a-f ) . Thus, the nonsynergistic coordination of the digits is associated with enhanced activity in several brain regions that also are active during synergistic hand movements. The right Group average (and SD) of the kinematic data from the eight subjects who participated in the fMRI scanning. In each person, 10 consecutive movement cycles were recorded and analyzed at the end of the training (immediately before the fMRI was conducted). There were no significant differences between any of the parameters (or the SD) in the two conditions (p Ͼ 0.05, paired t tests, without correction for multiple comparisons). PMD and right cortex of the postcentral sulcus were significantly active only during the nonsynergistic digit action. To exclude the eventuality that the lack of difference in the M1 activation between the nonsynergistic and synergistic digit movement was caused by nothing more than the conservative threshold used, we probed the M1/S1 region by using a more liberal statistical criterion. We examined the voxels (using a voxelwise threshold of p Ͻ 0.001 without a correction for the number of multiple comparisons) located in a sphere (diameter 15 mm, corresponding to the "smoothness" of the statistical images) centered around the peak of the activation (x ϭ Ϫ40, y ϭ Ϫ24, z ϭ 56) obtained from the comparison of the movement tasks with the rest condition. Yet, no voxels in the M1/S1 region showed stronger activity during the nonsynergistic digit movement in comparison to the synergistic ones.
No activations were detected when we contrasted the synergistic versus the nonsynergistic movement, neither when we used the conservative threshold ( p Ͼ 0.05 corrected) nor when we used the more liberal threshold ( p Ͼ 0.001, without a correction for the number of multiple comparisons).
To test whether the increased activation in bilateral PMD, parietal cortex, lateral cerebellum, and the SMA/CMA during nonsynergistic digit movement can be generalized, we performed a second experiment that involved abduction and adduction movements of the fingers (i.e., movements that recruited the intrinsic hand muscles instead of the long extrinsic muscles). All digits were spread (i.e., the fingers were abducted and the thumb was extended) and moved together (i.e., the fingers were adducted and the thumb flexed) in "synergistic spreading movement" (Fig. 4a,c) . This was compared with the "nonsynergistic spreading movement" task when the thumb was moved in opposite direction to the other digits (when the fingers were abducted, the thumb was flexed, and vice versa) (Fig. 4b,d) . We used the same training procedures, functional MRI (fMRI) protocols, image processing steps, and statistical analysis as in the first experiment (see Materials and Methods). The analysis of the kinematic data showed that there were no significant differences in the amplitude, velocity, or variability of these parameters between the two versions of the finger-spreading movement task ( p Ͼ 0.05, paired t test, without correction for multiple comparisons). The brain regions that showed enhanced activity during nonsynergistic flexion-extension movement also showed increased activity when the subjects performed the nonsynergistic spreading movement (all foci in Table 2 showed increases in activity corresponding to p Ͻ 0.05 at each voxel after a correction for multiple comparisons). Thus, the activation of these areas reflects the nonsynergistic movement pattern, regardless of the muscles used to move the digits.
DISCUSSION
Our results demonstrate that the activity in the bilateral frontal motor areas SMA/CMA and PMD, the bilateral parietal cortex, and the bilateral lateral cerebellum is stronger when the thumb and fingers are moved in a nonsynergistic coordination pattern than when the same digits are moved in a synergistic pattern. These results suggest that the ability of humans to produce skillful hand postures involving independent movements of the digits depends on neural processing in nonprimary frontoparietal areas and the cerebellum.
Several potentially confounding factors can be excluded. The number and amplitude of the movements of the digits in the nonsynergistic and synergistic tasks were the same. The thumb can be moved relative to the other digits with little anatomical constraints (Napier, 1961; Häger-Ross and Schieber, 2000) , and the movements were performed at a slow pace to minimize any putative passive biomechanical coupling between the digits. The subjects experienced the movements as simple and performed them as requested in both tasks without mistakes. In both tasks the subjects alternated between two hand postures, which means that the sequential organization of the movement were the same in the two tasks. Thus, differences in the number and amplitude of movements, the biomechanical constraints, the general task difficulty, or the sequential organization of the task could not explain the results. This means that the different functional activation associated with the two tasks reflects the difference in the central representation of the two movement patterns.
The stronger BOLD signals observed in the frontal, parietal, and cerebellar regions during the nonsynergistic digit movement in comparison with the synergistic ones demonstrates that the execution of the nonsynergistic hand postures involves more synaptic activity in these centers (Logothetis et al., 2001) . The nonsynergistic movement differs from the synergistic ones in two The M1/S1 cortex is the area that showed the largest BOLD signal increase when the digit movement tasks were compared with rest (nonsynergistic vs rest: x ϭ Ϫ40, y ϭ Ϫ24, z ϭ 56; t value, 40.50; synergistic vs rest: x ϭ Ϫ40, y ϭ Ϫ24, z ϭ 56; t value, 42.19), but there were no significant differences in the degree of activation between the two tasks ( p Ͼ 0.001 without a correction for multiple comparisons). Additionally, both tasks were associated with significant activations ( p Ͻ 0.05 corrected) located at the left PMD, SMA/CMA, postcentral sulcus, anterior part of the intraparietal sulcus, and the bilateral parietal operculum, lateral fissure, and lateral cerebellum (the left putamen and thalamus were also active, but this is not shown on these 3D projections of the brain). The top row shows the left hemisphere (a, d), the middle row displays the top view (b, e), and the bottom row highlights the left medial wall (c, f ). The activation maps have been thresholded at t ϭ 3.79 for display purposes.
important aspects: in the coordination pattern per se and in that the thumb is moved independently in relation to the other digits. During the synergistic mode, all digits flex and extend together in an innate coordination pattern already present in its reflex form at birth. In contrast, nonsynergistic coordination patterns have to be learned by practice. Thus, the strong activation of the nonprimary areas during the nonsynergistic movement tasks could reflect learned motor representations mediating the coordination of the movements of the thumb and the four fingers (Ioffe, 1992) .
The increased activity associated with the nonsynergistic patterns could also reflect sensorimotor mechanisms needed for the individualization of the movements of the thumb relative to the four fingers. From a motor control perspective, independent movements of digits involve higher degrees of freedom to be controlled than movements in which the digits are synergistically coupled (Napier, 1961; Bernstein, 1967) . It seems reasonable to assume that higher degrees of freedom will increase the demands on the sensorimotor processing in the cortical networks because additional elements of the motor apparatus have to be explicitly controlled. Thus, the increased activation associated with the nonsynergistic movement could reflect neural activity specifically related to the relatively independent mode of control of the thumb movements in relation to the fingers.
The M1 and S1 were strongly activated both when the nonsynergistic hand postures were generated and when the synergistic ones were produced, but the level of activity was similar in these two tasks (see Results for details). The absence of further increases in M1 during the nonsynergistic movement does not mean that certain subpopulations of neurons in M1 are not critically involved in the production of independent movements of the digits. Indeed, there is strong evidence that the descending output signals from the corticospinal neurons in M1 are important for the generation of independent finger movements (Muir and Lemon, 1983; Porter and Lemon, 1993; Bennett and Lemon, 1996; Rouiller et al., 1998) . The descending efferent signals responsible for the fractionation of the muscle activity are believed to involve sophisticated patterns of excitatory and inhibitory signals to the finger muscles and active suppression of the innate Significant increases in BOLD contrast signal (p Ͻ 0.05 corrected for multiple comparisons) obtained by contrasting the nonsynergistic digit movement task versus the synergistic digit movement task. The p values correspond to the test for peak height. The cluster volumes (mm 3 ), number of individual subjects (of the eight) that showed a statistical trend for the activity to increase (p Ͻ 0.05 uncorrected), and the adjusted BOLD contrast values detected in the two tasks compared with the resting condition are presented (% signal Ϯ SE). All regions showed significantly stronger activity during the non-synergistic spreading movement than for the synergistic spreading movement (at each voxel p Ͻ 0.05 after a correction for multiple comparisons). a The eighth subject showed a weaker activation in these areas ( p Ͻ 0.20). b The peak of the activation was located in SMA, and an additional peak, which did not reach statistical significance, was located in the upper bank of the cingulate sulcus (CMA: x ϭ Ϫ8, y ϭ 4, z ϭ 40; t ϭ 4.12; corrected p value ϭ 0.192). c A sixth subject showed a weaker increase in activity in this areas ( p Ͻ 0.10). d The localization of lobule VI refers to the Schmahman atlas of human cerebellum in standard space (Schmahman et al., 1999) . synergistic motor pattern (Ioffe, 1992; Schieber, 1996) . Our results showing that the BOLD contrast signal in M1 is similar during nonsynergistic and synergistic digit movement are not incompatible with the results from the single-cell recordings. The BOLD signal is a reliable index of brain activity that corresponds well to the overall level of synaptic activity in an area, but it may be a less reliable index for the spiking activity of the output neurons (Turner et al., 1997; Logothetis et al., 2001) . It is possible that an increased discharge rate of small groups of corticospinal neurons belonging to a larger zone of active M1 cortex is not associated with detectable increases in the BOLD signal.
The increased activation of the SMA/CMA and PMD during the generation of nonsynergistic hand postures reflects an increased overall synaptic activity in these areas, specifically when the thumb and fingers are moved in a nonsynergistic pattern. This synaptic activity probably reflects the processing of motor and somatosensory signals in the local neural networks in these areas and corticocortical transformation of motor-related information between these centers (which are interconnected in other primates). The motor-related signals in the SMA/CMA and PMD can be transformed into muscular commands for the fingers and thumb either directly via corticospinal neurons in these areas Strick, 1991, 1996; He et al., 1993) or indirectly via corticocortical connections to the corticospinal neurons of the hand section of M1 (Pandya and Vignolo, 1971; Tokuno and Tanji, 1993) .
Increased activation in the parietal areas (the anterior part of the left intraparietal sulcus and the bilateral postcentral sulcus) may indicate increased processing related to the planning of the movement trajectories of the digits and the somatosensory guidance of the digit movements (Mountcastle et al., 1975; Iwamura and Tanaka, 1991; Gardner et al., 1999) . Lesions in the monkey postcentral sulcus and the anterior part of the intraparietal sulcus lead to clumsy finger movements and poor coordination of the digits (Iwamura and Tanaka, 1991; Gallese et al., 1994) . The parietal areas and the SMA/CMA and PMD are reciprocally connected, forming distributed frontoparietal networks (Wise et al., 1997; Rizzolatti et al., 1998) . Together with the activity detected in the SMA/CMA and PMD, these parietal activations might provide a neurophysiological explanation for the classical neurological observation that focal lesions in these frontoparietal regions cause a certain type of apraxia, specifically impairing hand dexterity (known as innervatory/limb-kinetic apraxia) (Kleist, 1907; Luria, 1966; Freund, 1987; Leiguarda and Marsden, 2000) .
The increased cerebellar activity posterior to the classical motor section of the anterior cerebellar lobule corresponds well to the results of earlier studies showing impairments in the coordination of skillful finger, hand, and arm movements in human subjects and monkeys with damage to the lateral cerebellum (Holmes, 1939; Dow, 1987; Thach et al., 1992; Muller and Dichgans, 1994) . This section of the cerebellar hemisphere (lobule VI) is probably interconnected with the SMA (and perhaps the PMD) and the posterior parietal cortex (Schmahmann, 1996 (Schmahmann, , 2000 . Thus, the cerebellum is part of a distributed network controlling skillful movement of the digits.
The present fMRI result, suggesting a role for the SMA/CMA, the PMD, the cortices of the intraparietal and the postcentral sulci, and the lateral cerebellum in the control of nonsynergistic movement of the digits is novel. Increases in the activity of nonprimary frontoparietal areas and the cerebellum have been reported previously during various skillful hand actions involving independent movements of the digits, when the effects of the muscular contractions were eliminated by including appropriate control tasks, such as object manipulation using the fingertips Ehrsson et al., 2000 Ehrsson et al., , 2001 KuhtzBuschbeck et al., 2001) , finger-thumb opposition sequences (Roland et al., 1980; Sadato et al., 1996) , handwriting (Rijntjes et al., 1999) , and bimanual movements of digits (Sadato et al., 1997; Stephan et al., 1999) . However, in these experiments, the activations could be explained by factors other than the control of nonsynergistic movements and postures of the digits, such as sensorimotor integration (e.g., the utilization of tactile signals for fingertip force control during dexterous manipulation), cognitive demands (e.g., retaining the memory of a motor sequence), and bimanual coordination.
In conclusion, our results suggest that a distributed network including nonprimary motor (SMA/CMA and PMD), parietal, and cerebellar regions is critically involved in the control of skillful movements of the digits. The role of the corticospinal neurons in M1 (and possibly other areas) is to transform the motor commands from this nonprimary network into descending efferent signals to the digit muscles. The distributed nature of this motor representation explains why injuries in any of these nonprimary regions impair dexterity in primates.
